Weibull distributions are widely used in reliability and survival analysis. In this paper, different methods to estimate the shape and scale parameters of the two-parameter Weibull distribution have been reviewed and compared, based on the bias, mean square error and variance. Because a theoretical comparison is not possible, an extensive simulation study has been conducted to compare the performance of different estimators. Based on the simulation study it was observed that MLE consistently performs better than other methods.
Introduction
The Weibull distribution is a commonly used model in reliability, life time and environmental data analysis. A considerable literature discussing the methods of estimation of Weibull parameters exists (Sharoon, et al., 2012; Saralees et al., 2011; Saralees et al., 2008 ) because of its applications in different fields. Kantar and Senoglu (2008) did a simulation comparison of different estimators for scale parameter when shape is known. Balakrishanan and Kateri (2008) showed the existence and uniqueness of maximum likelihood estimates (MLE) of Weibull distribution. Dubey (1967) derived the percentile estimators (Percentile 1) which uses 4 different percentiles to estimate the shape and scale parameters. Seki and Yokoyama (1993) proposed a simple and robust method that uses only two percentiles, 31 st and 63 rd percentile (Percentile 2) to estimate both parameters. Moment estimators (MOM) and median rank regression estimators (MRRS) are also commonly used in literature (Kantar and Senoglu, 2008) because of their easiness in computation. Existing methods (namely MLE, MOM, MRRS, Percentile 1, and Percentile 2) for estimating both shape and scale parameters of two-parameter Weibull distribution are here reviewed and compared. A simulation study has been conducted to compare the performance of these methods under same simulation conditions.
Statistical Methodology
The Weibull distribution has the probability density function,  where  is the shape parameter and  is the scale parameter. The cumulative distribution function is given by
The distribution is reversed J-shaped when 1  , exponential when 1  and bellshaped when 1  (Kantar and Senoglu, 2008) . Because of its wide-variety of shapes it is used extensively in practice for modeling real life data in different fields.
Maximum Likelihood Estimators (MLE)
The log-likelihood function of a random sample from the two-parameter Weibull distribution is given by 
The above two equations can be solved numerically to obtain MLEs.
Moment Estimators (MOM)
The moment estimators are obtained by equating the population moments to the corresponding sample moments. The first and second moments of Weibull distribution are respectively 1 1 21 2
(1 ) and
The first two moments from the sample are (1 )
Median Rank Regression Estimators (MRRS)
MRR is a procedure for estimating the Weibull parameters by fitting a least squares regression line through the points on a probability plot. Thus,       log 1 ( ) and hence log log 1 ( ) log log .
This is now a linear model and method of least squares can be used to estimate α and β. The sample data are first sorted in ascending order and then following Abernethy (2006) , the distribution function, F(xi) is approximated for each point 
Percentile Estimators (Percentile 1)
Percentile estimators for both shape and scale parameters were derived by Dubey (1967) . He proposed an estimator based on 17 th and 97 th percentiles for shape parameter and one based on 40 th and 82 nd percentile for scale parameter. The formulae for the shape and scale percentile estimators are presented here; for details refer to Dubey (1967) . Let p1 = 0.1673 and p2 = 0.9737. Define k1 = log (−log(1 − p1) ) -log (-log (1 -p2) ). Let y1 and y2 represent the 100p1th percentile from the data. Then 
Improved Percentile Estimators (Percentile 2)
Seki and Yokoyama (1993) proposed this simple and robust method that uses only two percentiles, 31st and 63 rd percentile to estimate α and β. The Weibull cumulative distribution function is given by
Hence the 100pth percentile of the Weibull distribution can be written as 
Simulation Study
A simulation study has been conducted to explore the performances of the different methods discussed in this article.
Simulation Technique
The main objective of this study is to compare the performance of five different methods to estimate the shape and scale parameters of two-parameter Weibull distribution. Weibull distribution with parameters scale = 10 and shape = 0.5, 1, 1.5,2,3 and 4 were used to generate 5,000 samples of sizes n = 5, 10, 20, 30, 50 and 100. The estimates are compared using the values of average bias, mean squared error (MSE) and variance. The simulation was done using statistical software R version 2.15.2.
Results and Discussion
The results of the simulation are shown in Tables 1 to 3 . The bias and MSEs from Weibull (10, 0.5) and Weibull (10, 3) are also presented in Figures 1 to 4 . From Tables 1 to 3 , it can be observed that as sample size increases, bias, MSE and variance decrease. For small sample size, the performance of methods differs significantly. For all methods, absolute bias, MSE and variance decrease as sample size increases. It can be observed from Tables 1 to 3 and Figures 1 to 4 , in almost all cases MLE performed better than the other 4 methods and percentile method-1 performed the worst. In some situations, MRRS also performs well, especially for shape estimates. It can also be observed that both percentile estimators perform poorly in estimation of shape. There is no consistency in the performance of estimates by the method of moments. Because MLE is performing consistently better than the other 4 methods practitioners are encouraged to use MLE whenever possible. 
Example
Many researchers modeled wind data using the Weibull distribution (Dorvlo, 2002; Weisser, 2003; Celik, 2003 Table 4 presents the data set. The estimates of the two-parameter Weibull distribution obtained by fitting to the data using the methods discussed in the article are given in the Table 5 . It look like the Percentile 1 and Percentile 2 estimates are at the extreme ends and the MLE estimates lie somewhat between the values of other estimates. 
Conclusion
Five different methods for the joint estimation of both scale and shape parameters of two-parameter Weibull distribution were reviewed in this article. A simulation study was conducted to compare the five methods based on bias, mean square error and variance of estimates. From simulation results, it was observed that MLE performs consistently better than MOM, MRRS, percentile method and improved percentile method and therefore MLE estimates are recommended to the practitioners.
